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ULTRAVIOLET SANITIZATION IN 
PHARMACY ENVIRONMENTS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. patent applica 
tion Ser. No. 12/035,850 by MlodZinski et al., entitled “Ultra 
violet SanitiZation in Pharmacy Environments”, ?led Feb. 22, 
2008, Which claims the bene?t of each of the following: 

(a) US. Provisional Patent Application Ser. No. 60/891, 
433, entitled “Ultraviolet Disinfection in Pharmacy Environ 
ments,” ?led on Feb. 23, 2007, by MlodZinski et al. 

(b) US. Provisional Patent Application Ser. No. 60/ 988, 
660, entitled “Method and Apparatus for Automated Fluid 
Transfer Operations,” ?led on Nov. 16, 2007, by Eliuk et al. 

(c) US. Provisional Patent Application Ser. No. 60/971, 
815, entitled “Gripper Device,” ?led on Sep. 12, 2007, by 
Eliuk et al. 

(d) US. patent application Ser. No. 11/316,795, entitled 
“Automated Pharmacy Admixture System,” and ?led on Dec. 
22, 2005, by Rob et al. 

(e) US. patent application Ser. No. 11/389,995, entitled 
“Automated Pharmacy Admixture System,” and ?led on Mar. 
27, 2006, by Eliuk et al. 

(f) US. patent application Ser. No. 11/937,846, entitled 
“Control of Fluid Transfer Operations,” and ?led on Nov. 9, 
2007, by Doherty et al. 

The entire disclosures of each of the aforementioned docu 
ments are incorporated herein by reference. 

BACKGROUND 

Many medications are delivered to a patient from an intra 
venous (IV) bag into Which a quantity of a medication is 
introduced. Sometimes, the medication may be an admixture 
With a diluent. In some cases, the IV bag contains only the 
medication and diluent. In other cases, the IV bag may also 
contain a carrier or other material to be infused into the patient 
simultaneously With the medication. Medication can also be 
delivered to a patient using a syringe. 

Medication is often supplied, for example, in poWder form 
in a medication container or in a vial. A diluent liquid may be 
supplied for making an admixture With the medication in a 
separate or diluent container or vial. A pharmacist may mix a 
certain amount of medication (e.g., Which maybe in dry form 
such as a poWder) With a particular amount of a diluent 
according to a prescription. The admixture may then be deliv 
ered to a patient. 
One function of the pharmacist is to prepare a dispensing 

container, such as an IV bag or a syringe, that contains a 
proper amount of diluent and medication according to the 
prescription for that patient. Some prescriptions (e. g., insulin) 
may be prepared to suit a large number of certain types of 
patients (e. g., diabetics). In such cases, a number of similar IV 
bags containing similar medication can be prepared in a 
batch, although volumes of each dose may vary, for example. 
Other prescriptions, such as those involving chemotherapy 
drugs, may require very accurate and careful control of dilu 
ent and medication to satisfy a prescription that is tailored to 
the needs of an individual patient. 

The preparation of a prescription in a syringe or an IV bag 
may involve, for example, transferring ?uids, such as medi 
cation or diluent, among vials, syringes, and/or IV bags. IV 
bags are typically ?exible, and may readily change shape as 
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2 
the volume of ?uid they contain changes. IV bags, vials, and 
syringes are commercially available in a range of siZes, 
shapes, and designs. 

SUMMARY 

Systems and methods to reduce bioburden on at least a 
portion of a ?uid transfer port include supplying a dose of 
radiation to the ?uid transfer port that is in optical communi 
cation With at least one source of radiation. In an illustrative 

example, a medical container, such as a vial or IV bag, 
receives a dose of ultraviolet (UV) energy substantially at a 
predetermined region of a ?uid transfer site. In some 
examples, such a sanitiZation process may precede a ?uid 
transfer operation in Which a ?uid is transferred into or out of 
the medical container by passing through the sanitiZed region. 
Such ?uid transfers may be used in automated or semi-auto 
mated pharmaceutical processes, such as drug reconstitution. 
Various embodiments may further include one or more seal 

assemblies, each seal assembly having an aperture through 
Which the radiation dose is supplied from the source to a 
controlled region on the ?uid transfer port. 

In one embodiment, an Automated Pharmacy Admixture 
System (APAS) may include an automated system to trans 
port medical containers such as bags, vials, or syringes in a 
compounding chamber that may be regulated to a pressure 
above orbeloW atmospheric pressure. In one implementation, 
the automated transportation system is con?gured to grasp 
and convey syringes, IV bags, and vials of varying shapes and 
siZes from a storage system in an adjacent chamber that may 
be regulated at a pressure above or beloW atmospheric pres 
sure. Various embodiments may include a controller adapted 
to actuate the automated transportation system to bring a ?ll 
port of an IV bag, vial, or syringe into register With a ?lling 
port at a ?uid transfer station in the chamber. One implemen 
tation includes a sanitiZation system that can substantially 
sanitiZe a bung on a ?ll port of a vial or IV bag in preparation 
for transport to the ?uid transfer station. A port sanitiZation 
system (PSS) may be used in the sanitiZation of vial and bag 
ports in an IV admixture compounding application. The PSS 
system may be a stand-alone or table top system, or may be 
adapted for integration into an APAS cell. The PSS may 
include one or more radiation (e. g., UV) sources; one or more 
mechanisms for holding a medical container (e.g., drug vial, 
IV bag and syringe); one or more mechanisms for radiation 
sealing or containment; one or more cooling, purging and/or 
venting systems; a control and monitoring system; and inter 
locks and/ or safety mechanisms. 
The PSS may utiliZe a single centraliZed UV source or 

multiple distributed UV sources. The UV source(s) can 
deliver UV radiation in a pulsed and/ or constant Wave form 
and by continuous emission, intermittent emission or pulsed 
emission. The UV source(s) can deliver a predetermined dose 
in a ?xed or variable pro?le based on the target biocontami 
nant(s). To reduce transmission loss, at least one optical con 
duit (e. g., light pipe, optical ?ber, and optical Waveguide) may 
be used to transmit the UV radiation from the UV source(s) to 
the object(s) to be sanitized. 

The PSS may include one or more aperture assembly for 
sealing or containing the UV radiation. The sealing assembly 
can be designed such that in operation the sealing assembly 
does not touch the area(s) to be sanitiZed. In some embodi 
ments, the sealing aperture assembly includes at least one 
baf?e that is con?gured to form one or more apertures. In 
some embodiments, the sealing aperture assembly includes a 
gasket that is formed around an aperture. A pres sure chamber 
may be used to engage a medical container With the sealing 
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assembly by substantially forming a light seal between them. 
In some embodiments, the sealing aperture assembly 
includes a concave receptacle With an aperture. In some 

embodiments, multiple sealing aperture assemblies are used 
to cover medical containers With different shapes and siZes. 

The PSS may incorporate a controller that can determine 
Which radiation seal assembly should be used based on the 
siZe and/or shape of the medical container to be sanitiZed. 
The PSS may also include an actuator that can move vari 

ous components (e. g., the medical container, the apparatus for 
holding the medical container, the radiation sealing assembly, 
and the UV source) either individually or in concert to bring 
the portion of the ?uid transferport to be sanitiZed into optical 
communication With the UV source through the aperture of 
the radiation seal assembly. 

Various embodiments may provide one or more of the 
folloWing advantages. The APAS may compound toxic and/ 
or volatile substances, such as those used for chemotherapy, 
in a substantially aseptic chamber at pressure beloW ambient 
pressure to substantially avoid unintentional escape of the 
substances outside of the chamber. Also, the APAS may be 
programmed to select medical containers, such as IV bags, 
syringes, and/or vials, according to site-speci?c (e.g., hospi 
tal) protocols for containers for particular drug orders. Addi 
tionally, medical items, including IV bag and vial bung ports, 
may be positioned to receive a sanitiZing dose of ultraviolet, 
Which can effectively decrease bioburden (e.g., viruses, bac 
teria, mold, etc.). Further advantages may include reduction 
or elimination of sanitiZing consumables, and a signi?cantly 
reduced risk of explosive fumes (in the enclosed cell context) 
associated With some consumable sanitizers. 

The details of one or more embodiments are set forth in the 
accompanying draWings and the description beloW. Other 
features, objects, and advantages Will be apparent from the 
description and draWings, and from the claims. 

DESCRIPTION OF DRAWINGS 

FIG. 1 shoWs an illustrative Automated Pharmacy Admix 
ture System (APAS) cell. 

FIG. 2 shoWs a top cut-aWay vieW of the APAS cell of FIG. 
1. 

FIGS. 3A-3C shoW cross-sectional vieWs of an illustrative 
port sanitiZation system (PSS). 

FIGS. 4A-4C shoW cross-sectional vieWs of an illustrative 
PSS that accepts variously siZed objects to be sanitiZed in an 
APAS cell. 

FIG. 5 shoWs an illustrative enclosed PSS. 
FIG. 6 shoWs an exemplary PSS Without surrounding 

Walls. 
FIG. 7 shoWs an illustrative PSS With gripper mechanism. 
FIGS. 8A and 8B shoWs an exemplary IV bag and drug vial 

sanitiZation, respectively. 
FIGS. 9A and 9B shoW a top vieW and an isoparametric 

vieW of an exemplary cleaner carousel, respectively. 
FIG. 10 is a block diagram of an exemplary control module 

for the PSS of FIGS. 3A-3C. 
FIGS. 11A-11F shoW cross-sectional vieWs of an illustra 

tive PSS in an APAS cell. 
FIG. 12 shoWs an exemplary apparatus for performing a 

?uid transfer operation. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

An Automated Pharmacy Admixture System (APAS) may 
include a manipulator that transports medical containers such 
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4 
as bags, vials, or syringes about a substantially aseptic admix 
ing chamber. In some examples, the chamber includes a num 
ber of processing stations at Which the medical containers can 
be processed to perform reconstitution for prescription medi 
cation doses. In particular examples, such processing stations 
may include apparatus to substantially sanitiZe, disinfect, 
and/or sterilize portions of the medical containers prior to 
performing a ?uid transfer operation. 

In an example implementation, a gripper assembly is con 
?gured to substantially universally grasp and retain syringes, 
IV bags, and vials of varying shapes and siZes. In an illustra 
tive embodiment, a gripping device may include claWs con 
?gured to grasp a plurality of different types of IV bags, each 
type having a different ?ll port con?guration. Embodiments 
may include a controller adapted to actuate a transport assem 
bly to place a ?ll port of the bag, vial or syringe into register 
With a ?lling port such as a cannula located at a ?lling station, 
or be equipped With carousel transport systems that are 
adapted to convey bags, vials, and syringes to the admixture 
system and deliver constituted medications in bags, vials or 
syringes to an egress area. 

FIG. 1 shoWs an illustrative Automated Pharmacy Admix 
ture System (APAS) cell device 100 for use Within a hospital 
pharmacy environment. The APAS cell 100 may autono 
mously admix contents of syringes and IV bags using auto 
mation technologies. For example, embodiments of the APAS 
cell 100 may perform one or more operations that might 
otherWise be performed by pharmacy staff Within a laminar 
air?oW hood. The APAS cell 100 includes a robotic cell that 
automates the compounding and dispensing of drug doses 
into IV bags and/or syringes, such as those that may be 
prepared in hospital pharmacies. The robotic cell may use a 
syringe-based ?uid transfer process, and may employ a 
robotic manipulator (e.g., a multiple degree of freedom arm) 
for moving drug vials, syringes, and IV bags through the cell 
as the medications are processed. 

FIG. 2 shoWs an illustrative top cut-aWay vieW of the APAS 
cell of FIG. 1. The APAS cell 100 includes tWo chambers. An 
inventory chamber 202 is used as an inventory loading area, 
Which can be accessed by an operator to load the APAS cell 
100 through a loading door (not shoWn). In some embodi 
ments, the inventory chamber 202 provides a substantially 
aseptic environment, Which may be an ISO Class 5 environ 
ment that complies With clean room standards. A processing 
chamber 204 includes the compounding area in Which the 
admixture and/or compounding processes may occur. In 
some embodiments, the processing chamber 204 provides a 
substantially aseptic environment, Which may be an ISO 
Class 5 environment that complies With clean room stan 
dards. Mounted on the exterior of the APAS cell 100 are tWo 
of the monitors 102, Which may serve as input/ output devices. 
The inventory chamber 202 includes tWo inventory rack 

carousels 210 and 212 and a temporary inventory rack 214. 
The temporary inventory rack 214 may be used to locate 
in-process drug vials that contain enough material to provide 
multiple doses. Each inventory rack carousel 210 or 212 may 
support multiple inventory racks (not shoWn). In some appli 
cations, an operator may remove one or more racks from the 
carousels 210, 212 and replace them With racks loaded With 
inventory. The racks may be loaded onto the carousels 210, 
212 according to a load map, Which may be generated by the 
operator for submission to the APAS cell 100, or generated by 
the APAS cell 100 and communicated to the operator. The 
chambers 202, 204 are substantially separated by a dividing 
Wall 216. 
The processing chamber 204 includes a multiple degree of 

freedom robotic arm 218, and the robotic arm 218 further 
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includes a gripper that can be used, for example, to pick items 
from a pocket on a rack or to grasp items Within the APAS cell 
100 for manipulation. The robotic arm 218 may respond to 
command signals from a controller (not shoWn) to pick up, 
manipulate, or reposition inventory items Within the process 
ing chamber 204, and in or around the carousels 210, 212. The 
robotic arm 218 may manipulate inventory items, for 
example, by picking a vial, IV bag, or syringe from a rack of 
the carousels 210, 212 in the inventory chamber 202, and 
moving the item to a station in the processing chamber 204 for 
use in compound preparation. In some examples, the robotic 
arm 218 may manipulate inventory items on the carousels 
210, 212 through access port (not shoWn) in the dividing Wall 
216. The dividing Wall 216 may be substantially sealed so that 
a substantially aseptic environment may be maintained for 
compounding processes in the processing chamber 204. 

According to an illustrative example, an incoming drug 
order from a remote user station (not shoWn) involves a batch 
production order for syringes to be charged With individual 
doses of a drug that is reconstituted from a drug provided in 
one or more vials. The operator, for example, may preload the 
drug into the APAS cell 100 during a loading process by 
loading the carousel 210 With inventory racks of the drug 
vials, and by interfacing With the APAS cell 100 using the 
input/ output device 1 02 to initiate, monitor, and/ or control the 
loading process. As the APAS cell 100 is processing a previ 
ous order, the operator may load the carousel 212 With inven 
tory racks of syringes, drug vials, and IV bags for the next 
batch production order While the APAS cell 100 is operating 
the carousel 210. Once the loading process is complete, the 
operator may submit the batch production process, Which 
may begin immediately, or after other processing is com 
pleted. 

To execute the batch production, in this example, the 
robotic arm 218 may pick a syringe from a pocket in a rack in 
carousel 210. The syringe in the carousel may have a needle 
and a needle cap. The needle cap is removed for processing in 
the APAS cell 100. The robotic arm 218 may convey the 
syringe to a decapper/deneedler station 220 Where the needle 
cap is removed from the syringe/needle assembly to expose 
the needle. The robotic arm 218 moves the syringe to a scale 
station 226 Where the syringe is Weighed to determine its 
empty Weight. The robotic arm 218 may transfer the syringe 
to a needle-up syringe manipulator 222 Where a dose of the 
drug is draWn from a vial, Which Was previously placed there 
by the robotic arm 218 after one or more veri?cation opera 
tions (e.g. Weighing, bar code scanning, and/or machine 
vision recognition techniques). The robotic arm 218 moves 
the syringe to the decapper/deneedler station 220 Where the 
needle is removed from the syringe and disposed of into a 
sharps container (not shoWn). The robotic arm 218 then 
moves the syringe to a syringe capper station 224, Where the 
needleless syringe is capped. The robotic arm 218 moves the 
syringe to a scale station 226 Where the syringe is Weighed to 
con?rm the predetermined dose programmed into the APAS 
cell. The robotic arm 218 then moves the syringe to a printer 
and labeling station 228 to receive a computer readable iden 
ti?cation (ID) label that is printed and applied to the syringe. 
This label may have a bar code or other computer readable 
code printed on it Which may contain, for example, patient 
information, the name of the drug in the syringe, the amount 
of the dose, as Well as date and/ or lot code information for the 
inputs. The robotic arm 218 then moves the syringe to an 
output scanner station 230 Where the information on the ID 
label is read by the scanner to verify that the label is readable. 
The APAS cell 100 may report back to the remote user station 
using a local communication netWork, for use in operations 
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6 
planning. The syringe is then taken by the robotic arm 218 and 
dropped into the syringe discharge chute 232 Where it is 
available to the pharmacy technician, for example, to be 
placed in inventory Within the hospital pharmacy. As the 
process continues, there may be times during the drug order 
process Where the robotic arm 218 removes an empty vial 
from the needle-up syringe manipulator 222 and places it into 
a Waste chute 233. 

In another illustrative example, a syringe may be used both 
as an input containing a ?uid (e.g., diluent or knoWn drug 
compound) to be admixed in a compounding process, and as 
an output containing a prepared dose suitable for delivery to 
a patient. Such a syringe may be needed to ful?ll a special 
reconstitution order programmed into the APAS cell 100 via 
the input/output capabilities of the monitor 102, for example. 
In another example, the order may be a stat order, Which may 
be received from a hospital interface. In this example, the 
operator performs in situ loading by placing the syringes to be 
used for both reconstitution and dosing in pockets on a rack 
already located on the carousel 210. The operator enters the 
reconstitution order into the APAS cell 100. The robotic arm 
218 picks the selected syringe from a pocket in the rack in the 
carousel 210 and moves it to the decapper/deneedler station 
220, Where the needle cap is removed from the syringe/needle 
combination, thereby exposing the needle. The syringe is then 
transferred by the robotic arm 218 to a needle-doWn syringe 
manipulator 234. At the station 234, diluent is draWn into the 
syringe from a diluent supply IV bag 236 previously placed 
there by the robotic arm 218. The diluent supply 236 may be 
contained in an IV bag Which is hung on the needle-doWn 
syringe manipulator 234 by a clip (not shoWn). An air extrac 
tion process may be performed to prime the IV bag, if needed. 
The syringe then punctures the membrane of the diluent port 
238 in a needle-doWn orientation. The syringe is actuated to 
remove, for example, a predetermined amount of the diluent 
from the IV bag. The needle-doWn syringe manipulator 234 
then moves a reconstitution vial 250, placed there previously 
by the robotic arm 218, under the syringe. The diluent in the 
syringe is transferred to the vial for reconstitution With the 
vial contents. The robotic arm 218 then moves the vial to a 
mixer 248 for shaking according to a mixing pro?le. The 
robotic arm 218 then moves the vial to the needle-up syringe 
manipulator 222 Where the appropriate amount of the recon 
stituted drug is draWn from the vial into an “output” syringe 
that Was previously conveyed there by the robotic arm 218. 

In another embodiment, the APAS cell 100 may receive a 
production order to prepare compounds that may involve IV 
bags as input inventory items or as outputs. In some examples, 
an IV bag may be selected as a diluent source for reconstitu 
tion in a drug order to be output into another medical con 
tainer. In other examples, the selected IV bag may be used for 
output after preparation of the drug order is completed. Some 
IV bags may be placed on the carousels 210, 212 and used as 
an input that may be at least partially ?lled With a diluent that 
may be used to reconstitute drugs. The reconstituted drugs 
may be output in the form of charged syringes or IV bags. The 
operator loads racks of syringes and IV bags into the carousel 
210 for use in the production order. During the production 
order, the robotic arm 218 picks an IV bag from a rack on the 
carousel 210 and moves it to the scale and bag ID station 226. 
At this station, the IV bag is identi?ed by bar code or pattern 
matching and its Weight is recorded. This may be done, for 
example, as an error check, and/or to positively identify the 
type and/or volume of diluent being used for reconstitution. If 
the IV bag is selected as a diluent source, then the bag may be 
Weighed before use to con?rm the presence of the diluent in 
the IV bag. If the IV bag is selected for output, it may be 
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Weighed multiple times, such as before, during, and/or after 
each ?uid transfer step, for example. As a post-transfer veri 
?cation step, the Weight may be re-checked after ?uid transfer 
operations have occurred to determine if the change in Weight 
is Within an expected range. Such checks may detect, for 
example, leaks, spills, over?lls, or material input errors. In 
this example, the robotic arm 218 moves the IV bag to a port 
cleaner station 240 Where a ultraviolet (UV) light or other 
sanitizing process may be used to substantially steriliZe, dis 
infect or sanitiZe at least a portion of the IV bag port. The 
robotic arm 218 moves the IV bag to the needle-up syringe 
manipulator 222 Where a pre-?lled syringe has been loaded. 
The IV bag may be inverted so that the ?ll port is oriented 
doWnWardly for the ?ll process. The contents of the syringe 
may then be injected into the IV bag. The robotic arm 218 
then conveys the IV bag to the scale station 226 Where the IV 
bag is Weighed to con?rm the predetermined dose pro 
grammed into the APAS cell 100. The robotic arm 218 then 
moves the IV bag to a bag labeler tray station 242 Where a 
label printed by the printer and labeling station 228 is applied 
to the IV bag. The robotic arm 218 may move the IV bag to the 
output scanner station 230, Where the information on the ID 
label is read by the scanner to verify that the label is readable. 
One or more further veri?cation checks may be performed. 
The IV bag is then taken by the robotic arm 218 and dropped 
into the IV bag discharge chute 244 Where it is available to the 
pharmacy technician, for example, to be placed in inventory 
Within the hospital pharmacy. 

In another embodiment, a vial (or other medical item or 
container) may be prepared for reconstitution. During the 
performing of this process by the APAS cell 100, the vial may 
be identi?ed at a vial ID station Where, for example, a bar 
coded label on the vial may be read by a scanner and/or image 
hardWare in combination With image processing softWare. 
The captured information may be processed to identify the 
contents of the vial and correlate it to What is expected. In 
some implementations, as an alternative to or in combination 
With bar code scanning, the APAS cell 100 may employ 
pattern matching on the vial using optical scanning tech 
niques. Also, in the reconstitution process, vial mixers 248 
may be used to mix the vial contents With the diluent before 
using it for dosing. 

In some embodiments, the robotic manipulator may 
include apparatus for reading machine readable indicia in the 
APAS, including the compounding chamber and/ or the stor 
age chamber. For example, the manipulator may include a 
?ber optic camera for taking images that can be processed to 
compare to stored image information (e.g., bitmaps). In other 
examples, the reading apparatus may include optical scan 
ning (e.g., bar code) or RFID (radio frequency identi?cation). 
Some embodiments may transmit image information Wire 
lessly (e. g., using infrared or RF (radio frequency) transmis 
sions) to a receiver coupled to the APAS. Such a receiver may 
be located inside or outside the chamber With the robotic 
manipulator. Such a reader may be used to read machine 
readable indicia at various locations in and around the com 
pounding chamber, including through WindoWs and on por 
tions of the storage carousels that are exposed to the com 
pounding chamber. 

In the embodiments described here, a UV port sanitiZation 
system (PSS) is used in the sanitiZation of vial and bag ports 
in an IV admixture compounding application. Variants of the 
system described here may also include sanitiZation of 
syringe bodies. The system may be part of an APAS cell or 
used as a stand alone device. Examples of anAPAS system are 
described in further detail, for example, in US. patent appli 
cation Ser. No. 11/316,795, entitled “Automated Pharmacy 
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8 
Admixture System,” and ?led on Dec. 22, 2005, and US. 
patent application Ser. No. 11/389,995, entitled “Automated 
Pharmacy Admixture System,” and ?led on Mar. 27, 2006, the 
contents of each of Which are incorporated herein by refer 
ence. 

In general, operations to sanitiZe an object may refer to 
operations to reduce the bioburden on the object to be sani 
tiZed. In some applications, a sanitiZing operation may be 
intended to reduce active (e.g., living) bioburden to some 
degree. In some embodiments, the disclosed sanitiZation of 
an object may substantially disinfect at least a portion of the 
object. In some other embodiments, the disclosed sanitiZation 
of an object may substantially steriliZe at least a portion of the 
object. Exemplary desired bioburden inactivation is greater 
than or equal to a 6 log reduction, but could vary slightly from 
this, depending on the target organism. In some embodi 
ments, at least 99.9999%, 99.99%, 99%, 95%, 90%, 80%, 
75%, 70%, 60%, or at least about 50% of a particular biocon 
taminant may be killed or incapacitated. In some embodi 
ments, betWeen about 1 and 100% of a particular biocontami 
nant may be inactivated. 

In an exemplary embodiment, the mechanism of sanitiZing 
the target object may be through the exposure of ultraviolet 
radiation. This exposure may be delivered in, among other 
methods, a pulsed and/or constant Wave form. In some 
embodiments, the dose of ultraviolet radiation may include 
one or more pulses. In other embodiments, the dose may 
include a timed exposure at a controlled intensity. For 
example, the intensity may be controlled by modulation of 
current and/or voltage applied to the radiation source to sub 
stantially achieve the controlled radiation level, Which may 
increase, decrease, and/or remain substantially constant dur 
ing the dose time period. In some embodiments, a controller 
may achieve time-varying or constant radiation level by 
modulation of optical path’s transmission characteristics, 
such as by selecting Which of a number of optical paths to use 
to couple the radiation from the source to the target region on 
the ?ll port, and/ or by modulating characteristics of the opti 
cal coupling (e.g., ?ltering) to couple more or less radiation 
from the source to the target. The radiation subjected to the 
target is knoWn as the delivered dose. The dose includes an 
accumulated exposure value. In an illustrative example, a 
desired dose is one that is predetermined based on, for 
example, a desired accumulated exposure value at a speci?c 
energy density selected to be suf?cient to inactivate one or 
more types of biocontaminants to a selected degree. In gen 
eral, sanitiZation may involve, for example, reducing the 
number of viable microorganisms present in a sample. 

Biocontaminants, knoWn as the bioburden, may include, 
but are not limited to, viruses, bacteria, molds, protoZoa and 
yeasts, for example. In a range of examples, ultraviolet radia 
tion may be used to kill one or more types of the biocontami 
nants on, around, or Within portions of an IV. bag, syringe 
and/or vial, such as around the ?ll port of such I.V. bag, 
syringe and/ or vial. In some cases for example, such biobur 
den may be found in environments such as medical clinics, 
hospitals, hospital pharmacies, research laboratories, or other 
facilities in Which pharmaceuticals may be packaged, pre 
pared, stored, transported, or otherWise handled. Some 
embodiments may be bene?cially applied to provide or 
enhance sanitiZation of vials, syringes, packaging (e.g., I.V. 
bags), tubing, access ports, and/or associated equipment (e. g., 
handling equipment, including robotic manipulators), ?uids 
(e.g., Water), or other materials that may come into proximity 
and/or contact With objects for Which sanitiZation may be a 
concern. Some applications may relate to the preparation of 
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pharmaceutical and/ or medical devices, such as delivery sys 
tems for providing parental nutrition or insulin to patients, for 
example. 

In various embodiments, the UV port sanitiZation system 
(PSS) may include one or more of the following components: 
one or more UV sources; one or more vial, syringe, and/orbag 
port holding systems or methods; one or more systems or 
methods for appropriate sealing or containment of UV for 
both drug/ ?uid and/ or user protection; one or more cooling, 
purging and/or venting systems; a control and monitoring 
system; and interlocks and/or safety mechanisms. 

In various examples, some embodiments of the PSS may 
include a single centraliZed UV source With selectable masks 
or apertures for the variety of vials and bags. Some embodi 
ments may also utiliZe multiple distributed sources that can be 
conveniently located (e.g., for replacement, maintenance), or 
combined With other subsystems or functions in the APAS 
cell context. In the example described here, the amount of UV 
time exposure required for sanitiZation is a function of the 
energy level received by the target at the required frequency 
spectrum. HoWever, a predetermined exposure time for a dose 
may be based on other criteria. Both ?xed and variable pro 
?les may be executed at various levels of intensity, number, 
spacing, and timing. The outputs of UV sources may decay 
over time. Calibration and/or closed-loop control may be 
implemented by a processor, such as on a programmable logic 
controller or an embedded controller, to compensate such 
decay to maintain desired pro?les (e.g., a predetermined 
accumulated dose of radiation). 

In some embodiments that have multiple UV sources, the 
PSS may include apparatus to focus or direct radiation sup 
plied from each of the UV sources onto one or more selected 
regions or spots, or combine their output patterns using off 
sets to provide the desired illumination pattern at the ?ll port 
of a target. UV sources may have non-uniform output pat 
terns. By changing pattern centerlines, an aggregate output 
energy pattern that meets desired requirements can be gener 
ated. One example is to have 3 UV sources combined in such 
a manner as to provide a nearly uniform energy output over a 
much Wider range than could be achieved With focusing the 3 
UV sources onto a single spot. 
A UV source may include, for example, ?ash bulbs to 

produce very high peak energy levels, on the order of l J/cm2, 
or 10 J/cm2, or 30 J/cm2 in the UV-C band, Which may 
include, but are not limited to, betWeen 100 nm and 280 nm. 
In some examples, these are provided in very short bursts 
ranging from less than 1 ns to 100 ms at frequencies from 
about 0.01 HZ to about 1 kHZ. Some pulsed bulbs may gen 
erate a Wide band spectrum. In some embodiments, the UV 
light output may include a Wider spectrum of radiation. For 
example, the pulsed UV light may include energy content in 
the UV-A, UV-B, and UV-C ranges, and may include some 
energy content at Wavelengths shorter and/ or longer than UV 
Wavelengths, e.g., IR or visible light. 
UV sources such as mercury vapor lamps, metal halide 

lamps and other constant Wave sources generally provide 
energies in the range of about 1 mJ/cm2 to 400 mJ/cm2 in the 
UV-C band, or more. Packaged either singly or With multiple 
source packages to increase total poWer, such UV sources can 
provide suitable energy levels for sanitiZation in a speci?ed 
time. LoWer or higher energy levels may also be used depend 
ing on the sanitiZation time constraints. 
UV sources such as LEDs can be tailored to provide energy 

in very narroW bands including, for example, UV-C. Output 
spectrums can be tailored to provide total spectrums Within, 
for example, 1500 nm, 1100 nm, :10 nm or :1 nm or less of 
the center band frequency of about 250-290 nm or 265-275 
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10 
nm. This may advantageously affect heating, oZone produc 
tion, and/or operator safety of the broader spectrum bulbs. 
LEDs and/or LED arrays in the poWer range of l mJ/cm2 to 
400 mJ/cm2, or more, packaged either singly or With multiple 
source packages to increase total poWer, provide suitable 
energy levels for sanitiZation at high throughput for auto 
mated applications. LoWer or higher energy levels may also 
be used depending, for example, on the sanitiZation time 
constraints. In various embodiments, one or more UV LED 
sources may be placed at various locations distributed and 
directed to illuminate at least one surface to be sanitiZed. UV 
LEDs may be distributed in rectangular, linear, curvilinear, 
circular, spherical, or other patterns to expose one or more 
regions and/or surfaces to UV radiation. In various applica 
tions, prede?ned LEDs may be selected to operate at selected 
times to provide a dose of UV radiation. The dose and selec 
tion of Which LEDs to activate and the timing of their activa 
tion may be determined according to the type and/ or siZe of 
the object (e.g. vial, IV bag, or the like) to be exposed. The 
LEDs can be activated in series, in parallel, overlapping or the 
like, and the timing of the activation often depends on the 
purposes to be achieved, such as high poWer, long duration 
With loWer poWer, preserving source lifetime and more. 
Examples of UV LEDs that may be used in some embodi 
ments are described in, for example, US Published Patent 
Application 2004/0099869 ?led on Oct. 22, 2003, the con 
tents of Which are incorporated by reference. 

In some embodiments, the UV lamp in the port sanitiZation 
system may be cooled and/or cleaned by a ?oW of clean air. 
Such air ?oW may cool and/ or substantially reduce particulate 
or organic solvents from depositing on the lamp surfaces. 
Connecting it to a low-pressure peripheral duct can force the 
air to be draWn into the UV lamp housing from just beloW the 
fan ?lter unit outlet (Where it is cleanest) and to ?oW over the 
UV lamp to provide cooling. In some embodiments, such 
cooling may be performed Without additional air moving 
elements that may generate air currents that may disrupt 
controlled laminar air ?oW patterns in a compounding area. 
Example methods to deliver a required dose of ultraviolet 

radiation to a target may include continuous emission, inter 
mittent emission and pulsed emission. For continuous emis 
sion, suitable sources may require Warm-up time and typi 
cally do not suit repetitive and/or frequent on-off cycles. 
Examples of such sources include, but are not limited to, 
mercury vapor lamps, ?uorescent backlights, and metal 
halide lamps, and combinations of these and other sources. 
For intermittent emission, suitable sources can operate con 
tinuously and also have the capability of repetitive and/or 
frequent on-off cycles (e.g., LEDs, and lasers). For pulsed 
emission, suitable sources include the sources that are 
designed to ?ash at speci?ed frequencies With speci?ed pulse 
Widths, such as ?ash bulbs using Xenon or other appropriate 
gases. 

In one example of UV sanitiZation, an optical conduit (e. g., 
light pipe, optical ?ber, optical Waveguide) can be used, for 
example, to reduce transmission losses betWeen at least one 
UV source and the sanitiZation target. In some implementa 
tions, the optical conduit alloWs transmission of a particular 
Wavelength range (e.g., a UV Wavelength range used for 
sanitiZation). The conduit can be placed in close proximity to 
the UV source such that substantially most or all of the UV 
light emitted by the UV source (e.g., a diffuse source) 
impinges on the entry plane of the conduit. In some imple 
mentations, once the UV light enters the conduit, losses 
Within the conduit can be a function of the conduit material 
and construction. For example, an optical conduit may 
include one or more optical ?bers, or one or more formed 


















